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Abstract 
In our work, we investigated the possibility of dynamic stress detection based on the piezoelectric polarization using AlGaN/GaN
based Circular High Electron Mobility Transistors (C-HEMTs). In our knowledge, stress sensors in that account are introduced 
for the first time. The sensor structures exhibit good linearity in the piezoelectric response under dynamic stress conditions. The 
measurements reveal excellent stress detection sensitivity that is independent on the measured frequency range. The sensitivity of 
the devices can be easily increased by increase of the area of the Schottky gate ring electrode. 
© 2009 Published by Elsevier Ltd. 
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1. Introduction 
Group III-Nitrides (III-N) are very attractive for pressure and strain sensor applications due to their excellent 
piezoelectric properties [1]. In addition, comparing to other common used piezoelectric materials, they have some 
important advantages: (1) high biocompatibility; (2) high mechanical stability of epitaxial films and therefore a 
possibility to integrate into MEMS and NEMS mechanical sensors; (3) possibility to operate at high temperatures 
due to their ability to preserve their piezoelectric properties in wide temperature range. Commonly, these devices 
exploit a fact that the piezoelectric polarization in the nitride layer can be changed by external forces. This change 
causes the corresponding change in the density of the 2DEG confined at the AlGaN/GaN interface [2]. As a result, 
we can obtain the gauge factor of the sensor, which means the relative resistance change, ǻR/R subjected to the 
strain. HEMTs but also Schottky diodes based on AlGaN/GaN heterostructures are very useful as sensing devices 
[3]. In our knowledge, III-N mechanical sensors based on a pure piezoelectric principle of sensing have been 
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reported recently only for GaN Schottky diodes [4]. In this paper, we introduce AlGaN/GaN based C-HEMT 
structures on SiC substrate for dynamic stress detection using the piezoelectric principle of sensing. 
2. Experiment
The basic heterostructure was grown on the 4H-SiC substrate. It consists of a thin (30 nm) AlN nucleation layer 
followed by a 2μm-thick Fe-compensated GaN buffer layer and a 25 nm unintentionally doped AlGaN active layer 
with 25% Al-composition. The ohmic contacts of the C-HEMT structures using a Nb/Ti/Al/Ni/Au metallization 
scheme were deposited by electron beam and standard evaporation techniques and annealed at 850°C for 35s. As the 
Schottky gate electrode, a metallization based on Ni/Au layers was employed. The proposed C-HEMTs are showed 
on Fig.1. They consist of 5 different structures with constant drain-source distance and variable gate area and one 
gate-less device. The measured C-HEMTs on the single-fixed bulk (SiC) cantilever were dynamically strained with 
a certain frequency. The charge induced under the Schottky gate electrode as a response to the external stress was 
captured by a charge amplifier (B&K 2525) and evaluated on the display of the oscilloscope as an induced voltage. 
The whole measurement set-up is depicted on the Fig.2.  
               
Fig. 1. Microscopic view of the proposed C-HEMT structures                   Fig. 2. Measurement set-up 
The charge amplifier output voltage corresponds to the charge by  
Uout = Q/Cf                       (1)  
where the Cf is the feedback capacitance of the amplifier. After the whole signal amplification we get the value for 
the induced voltage. The main advantage of the use of charge amplifier is that the measured charge is independent 
on the sensor capacity and also the parasitic capacitance of the measuring lead wires is eliminated and therefore does 
not affect the induced charge. The displacement at the end of the cantilever was measured by a laser vibrometer 
system and the value of stress locally in the region of the C-HEMT was calculated.  
3. Results and discussion 
The experimental data were compared to the results obtained by a simulation using finite element method in 
ANSYS. We have proposed a simple model that consists of the analyzed piezoelectric AlGaN layer, the 2- DEG 
confined at the heterointerface in the role of the bottom electrode and the Schottky ring gate as the upper electrode. 
The generated charge under the Schottky gate electrode as a response to the linearly increasing amplitude of the 
dynamic stress with various frequencies is shown in Fig.3. The results showed that the induced voltage response is 
not dependent on the frequency of the external strain (Fig.3) which is in a good agreement with our measurements. 
The measured values of the induced charge in response to the external stress at different frequencies of the stress are 
depicted on the Fig. 4.  
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Fig. 3. Simulated charge vs. external stress at various   Fig. 4. Induced charge vs. external stress considering the  
frequencies of the stress                     frequency of the stress  
Further optimization of the proposed model as well as the C-HEMT sensor structures is needed to improve the 
correspondence between experimental and simulated results. We have measured much lower values of the induced 
charge as the simulation shows which can be caused by the simplicity of the model itself as well as the losses in the 
material. Also there are some correction factors that should be considered [5]. One of the key factors to obtain the 
required values of the piezoresponse is the appropriate sensor dimensions. Here it should also be mentioned that the 
measured C-HEMT devices placed on the top of a bulk SiC cantilevers closely to the clamped point are under 
uniaxial loading that is not optimal in regard 
to the radial symmetry of these sensor 
devices. We are expecting improved 
piezoelectric response of the C-HEMT 
sensing structures to be integrated directly 
on circular membrane based MEMS pressure 
sensors which are in progress. In order to 
obtain the maximum sensitivity of the sensor 
devices the impact of the gate ring area of C-
HEMTs was also investigated. Fig. 5 reveals 
that the sensitivity increased with the 
increase of the gate area (from S5 to S1) of 
the structures. Optimization of the C-HEMT 
structures to be applied for dynamic stress 
detection and monitoring in extreme 
conditions is in progress.     
Fig. 5. Induced voltage vs. external strain with respect to the gate area of the C-HEMT structure 
4. Conclusion 
In this paper, we have introduced for the first time the C-HEMT sensor structure for dynamic stress detection 
based on the pure piezoelectric sensing principle. A simple model using the finite element modeling in ANSYS 
simulation tool were also proposed. It should serve in optimization of C-HEMT devices in order to improve the 
sensitivity of the sensing. However, increased sensitivity of the sensor structures has been presented by increasing 
the area of the Schottky gate electrode of the C-HEMT. The sensor structures exhibit good linearity in the 
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piezoelectric response under dynamic stress conditions. The measurements also revealed excellent stress detection 
sensitivity that is independent on the measured frequency range. This was confirmed also by the results of 
simulation. However, further optimization of the proposed model as well as the C-HEMT sensor structures is needed 
to improve the correspondence between experimental and simulated results. Likewise, higher detection sensitivity of 
these devices could be expected by their integration directly on the AlGaN/GaN circular membrane of the 
piezoelectric MEMS pressure sensors that are recently in progress. 
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